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Abstract: Since differences between the prototype structure and the corresponding numerical model are inevitable, it is neces-
sary to update the finite element model (FEM) according to the experimental data. Based on the similarity theory, scaled mod-
els of intact jacket platform and damaged jacket platform were designed and the modal experiments were carried out. According
to the modal confidence assurance criterion (MAC) , the correlation between the modal data obtained by the experimental and
finite element analysis (FEA) was assessed. The sensitivity analysis was used to classify the structural design variables so as to
effectively identify the key parameters to be modified. For the platform with unknown damages, the optimization method on
structural parameters was adopted for damage location identification and the FEM updating. The objective function of this meth-
od is based on the measured and analytical modal data. The analysis results show that for the intact platform, after FEM upda-
ting the average error of the first six natural frequencies between experiments and FEA reduced from 17.22% to 2. 78% , which
shows that the updated FEM is much closer to the experimental model. For the damaged platform, the MAC decreases signifi-

cantly; the two damaged members of the platform are accurately located according to the optimization method; and after upda-
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ting the average error of the frequencies decreases from 25.94% to 4. 79% . This project provides a more accurate FEM model

for the safety assessment of in-service offshore platforms.

Keywords : offshore jacket platform; similar model; modal experiment; sensitivity analysis; finite element model updating
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Fig.1 Scaled experimental model description
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Table 1 Diameters and wall thicknesses of main

pipes in scaled model mm
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TR % B R Ak 1378x38 32x3.00
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Fig.2 Modal experiment equipment for scaled jacket model
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Fig.4 Modal parameter identification
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Fig.5 Finite element model of scaled jacket
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Table 2 The first six natural frequencies of experimental and FEA and MAC

1 56.72 66. 69 17.58 58. 85 66. 69 13.32 0.83
2 65. 80 74.58 13.30 66. 59 74.58 12. 00 0.90
3 119. 35 107. 56 9. 88 121.23 107. 56 11.28 0.93
4 240.27 301. 98 25. 68 239.27 301.98 26.21 0.91
5 268. 06 320. 50 19. 56 262. 06 320.5 22.30 0.94
6 282. 38 326.76 15.72 276. 38 326.76 18.23 0. 89
Sy — — 16. 95 — — 17.22 0.90
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Fig.6 Flow chart of finite element model updating
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Table 5 Design variables, state variables

and objective functions

-
P ST BERH
K, 30.0 MN/m 38.0 MN/m  -26.7
K, 33.0 MN/m 40.0 MN/m  -21.2
K, 28.0 MN/m 30.5 MN/m -8.93
E 200 GPa 235 GPa -17.5
t) 0.005 m 0.0055m  -10
e D2 0.003 m 0.0025 m 16.7
TR 0.0012 m 0.001 m 16.7
ly 0.0011 m 0.0009 m 18.2
p 7800 kg/m® 7850 kg/m? -0.64
h 0.03 m 0.029 m 3.33
b 0.02 m 0.0198 m 1
A 0.0006 m> 0.00057 m? 4.3
8o 66.69(58.85) 60. 94 -3.55
g2 74.58(66.59) 66. 65 -0.09
oS- 107.56(121.23) 126. 93 -4.70
g.4  301.98(239.27) 237.16 0.88
g.s  320.50(262.06) 251. 84 3.90
g6  326.76(276.38) 266. 57 3.55
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4.4 BRHGSERRAERSHKERARITEREE

&#R

XTI 2 A AT 6 45 e KR S
A FRET A 1 T, 2540 25 2 7 A A ok 8 5
HE DB 224 45 25 R XA 43 403, DA T 32 045 4 1) 1
AES W AR K A28k, Ik, % T IR 4% o s
(TEPEF- 3, 45 F 1 08 4 5 o 2 1 45 A A BR O
EIERIHT

R 11 Bz 945840 A 2R g A R 40
PEWTRARADT P T AL IR0 B R A I

11 #R{GSERAEER
Fig.11 Damaged jacket test model
AR T7 iz 07 48 ZRES A e T T RS IR
FFEAT TS SHAR (RN S A RAR RS
AR FROCREI (18] 12) F TR RS A O Ak o0 A, 1 12
ol LA BT R 11 S 15 S A
JC. MIZA FRITEE B AT BT, 45 3 Hi 7S B
AR IR R 25 R Fe ANSYS THR 45 351 T 3%
6, M6 UL Z5H R A 0I5 | AL A A A%
B R RE BRI, 7R T A BRIT /0 A 2R AT 10 5 4



- 120 - BB K FFR(AARFFR)

2019 4 A

(2 A PS5 BRI R AR 0587, 40 e X i
I A FROTER R BEA B IE

MK 6 ol WL 25k K FE M P E IR IR MAC B
B/NT S SEUF I MAC 8, JUH RS — I R 7Y 1Y

MACAEAUA 0.33, 3 7% B 45 #4453 407 )5 1 960 i 78
ANSYS 8L 7Y ) A S M R AR, BRI &5 48 383 405
Jei , HA LR A BROTASE Y B TGk S I HH 235 440 ) B 52 3
T4

*6 A6 MMEMKBERSAMTEMUERREMBEXME
Table 6 The first six natural frequencies of experimental and FEA and MAC

X Y 1]
51279 G ANSYS 77 - Wit ANSYS 437 . MAC
= /0, =
M3/ Ha 450/ He BRE/% 2/ Hy, LEL /1, BRI/ %
1 8.18 9.98 22.00 8.19 9.98 21.86 0.33
2 19. 24 26.91 39.86 20.12 26.91 33.74 0.71
3 30.53 45.45 48. 87 33.30 45.45 36. 49 0. 69
4 49.06 67.49 37.57 49.36 67.49 36.73 0.55
5 61.16 72.35 18.30 60. 62 72.35 19.35 0.70
6 72.27 77. 68 7.49 71. 69 77. 68 7.49 0.75
-3 29.02 25.94 0.62
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Table 7 Design variables, state variables and
40 | objective functions
6610453
| \ Ak sk WRTE IRl 2M/%
’ ] ’\ x K, 1.00 MN/m 1.28 MN/m  -28
Q—ﬁ ‘ K, 10.0 kN/m 11.5 kN/m -15
#5 \ y Lo K. 2.00 MN/m  2.24 MN/m  -12
I x| 7 I 0.01 m 0.012 m -20
t) 0.001 m 0.0011 m -10
5\ t3 0.001 m 0.00095 m 5
—==/ l 0.001 m 0.0009 m 10
}(‘1/ \ b P 7800 kg/m’ 73850 kg/m? -0.641
O\ \, At N 200 GPa 235 GPa -17.5
, N Ey, 200 GPa 1.00x107 Pa 100
a‘"‘ \_\—Element15 Ey-E, 200 GPa 235 GPa -17.5
| ! / @— Es 200 GPa 1x1077 Pa 100
[ A E-Ey 200 GPa 235 GPa -17.5
= — \
g 13 ‘\ h 0.03 m 0.028 m 6.67
| b 0.02 m 0.0196 m 2
A 0.0006 m’ 0.00057 m’ 5
12 fHEIERE g 9.98(8.18) 7.37 9.90
Fig.12 Model to be updated &2 26.91(19.24) 17.36 9.77
. RN . " . L &5 45.45(30.53) 33.11 8.45
G LT G A R R s O 2RSS
B IR T A FROTE R BB IE |, SR T A LA ik g5 72.35(61.16) 59.37 2.93
HATIRAG T . DEARR P kAR 45 R 7E2R 4 2l — 8o T7.68(72. 273 68. 47 . > z;t
L . g FAREEE  foin 1043.93%10" 53.96x10*  SCIAL
A AT SRS 16 25 I AR 6 |
WAERAMERRBOLE 7. JUp B, BRI o
Zm Tk

N E R TAE ROT A R R YA (S
200 GPa, fALG E,, Fl E  BOBUE LB % W]
11 5 H1 15 S BT R B 05 5000, X 5 S br 48
BRI P 0 B 58 4 — B, R ERR T AT, ik
5 15 BT 7S B B R 22 T EN 4.79%
P UG TT AR, 453407 5 5 A8 A 1) 1 3 1% 2 R 1l
KT S IR SRR 2

(1) FHBEES B AR W MAC 5896 X 45 KRB Al
BRI B AT FR TR TS A i A S R A T
ARATNY . F B e AR B A A R e AT
SRR B0 I £ VS T R 47 °F 5 2544 e A 4 1 Bk
A e i 2 5 A BRSO AR B A OGPk L
B2, MAC {6 W] W B& AR, 55 — By MAC fE ALK
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